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fctfycthy!*** glycol (PGSY^cpnjug^ted proteins twlon^ to a new ctass qf 
bio^!t.ai!*s-th3t.3«f r>rifchcr protefos nor polymers, bwt which arc hy- 
brids, of the iw. Pfid wjnjugarion gF bictpharmaeeuiieals is now com- 
won ^rsctl« in efforts to setdeve -.sustained cKflicsi response. However, 
very fete ts known about the striates and criteria used to produ.ee a 
weii-tiiftractefbed pegy sated biomoieeiiie. \n \hh review, tfce issues of 
pegytetian reagent selection, rcacfion rofKidion: 
8f:fon$. and puHftti&fckJO vyiii he addressed, as vyeH as i 
bfokttMcai thsractsifwatijOf^ The isolation of pt>? 

•aiv. Ol.:<. i t?.;t!vn:Oli 0: pe eiy^^On hn.i.S- Vv:>J <tt^Vf OC : neurit u.. 



(Kef 3*), CXM-JgO (Ref. 3?) andhuer&foVfk^ 
Rationale 

'/ft adduiovi 'o ihc: aforemccnione.d btncdclai 
p^peftieft of pegged p rote ins, jicgyJatioti c«s 
bv:p.?irt i.bf? following Advantages; 

* slurred b;o:ogk:a: p:v>pe>*d*\s> (y*fc'Ia&j& :}; 



* enhanced oceird.uaeie peneo^bord • . s:,c. raided 
einhad f<ca;or:se wkh mhdrrva: &*iag leading 
e> unproved ptnbhy offcfe and educed i:re*> 
men;: cost. 
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¥ Recorribhnnn preaeins are: noted lor nheb shon 
ehcoUcing hahdbe ha bkod. This dK>ru.onnng e. 
aecx^pa&U:d by reduced hkwababdky and 
•c.x.^-v:^\u:i)dy ; reduced eknicai potency. In i97/ ; 
Abtjohovvska and ^iteagxies deanr>n;;n'a^ed daa*. c : ; 
th&fVip&iUcc agean.s. pcviycdiyk-ne glycol (PEG)-- 
cxmrug*.ed [X:vvvei.n:; are nvore effective ihac* ih'df 
er:aTasponcbrc>> e^nrexlnie'd parent e^keniesb 
Since dnen. ;evera'i [raarnaao::niU:al proteins have 
beer. i:--:>?yi^ted aad have lecm shown to 'have 
pr<>pmm ofusein ehnicca applks:uc...n#->,thefie 
Unproved ebrneai proparcfcs toeiude betw* physk 
cai and dienrial sca&ilHy*"*, prrnecooey against 
siis£fcpUhlVi?y 56 entymacjc de^dac:Oti : ' '\ kv- 
c:rea*::d solnbditiy ; >" l k longer to vivo uircnl^ing 
hiiH'd'ife.^' '^, decctrased claarsnce and enhanced 
prxxtf-cy. Tferse cwherr nrc;perne^ ofpe^yhned pro- 
tesj« ore ceduaJ irn^nnt^ni^dy'-^-^ aad rsasi-- 
goniciiy : ^. e^y.v^ a$ sve ji as r(: .i-u.ed •o\^ : ;y : -- ^. 
A {brthet- efN-:ct oi iK$yhx.\iin is ^b.u.ed yiirc .3c- 
fH'i-'y ;:v;;i;oa-:parned by e.«h.anf-iif3 if: vno ,K-tivuy. 
Tbi-; efjbci n-:; ; been olj^jrved «?kh grarniic/-- 
c , yi&-r<U»::'fOph.ag'e colony sinmdiiirig faciei (0M- 
CSrj (KeK 20), nn.efkukbv-2 (IL-i) (Kef. H-), 
viunoj nncrosis. factor- a (TNi : -a) (Kei : >i ).lL-6 



In gencfy.b PR^cpnliipted bionaokeuies cxbdn- 
pby ; ^eocbevi'bcai pr^p^rnes vbuv aje differtvor. 
iVorii chose e-fibe t^ren; mol^enies. These prop,. 
enies include conforniacionai cfsanges. sterical 
inierierevicf:, changes in ekeir-osva.de -bind? eg 
pros^rdes, bydrophobkjiy ; iocaMy:<j.ne pK^\; (;| 
nv:as-uTerneni of dne degrts% <;^^ comp]cie«e&ss of 
a:r*;v:f;psible waoiioii) ar;c; pi (die pH ai wbieb a 
protein's change b neuiral). binding lifdoides to 
;he recepcori. are of; en abecaed by ;bese phpieo- 
ebersiiesl d^ges, fcvnUing.jn reduced ieUvide^ 
5n ceb -based ,i:>says ; in which kiaibuion drnes 
are osnaiiy shore There is a dlreca reJdtioaidnp 
"oeivvce.a £he-aua<:hed P£C naas-; ,sod ;b> : ; if. vi.v<- 
biojogitai activity**, ba conrdi-ib an inverse re- 
ia-knennp exists beevv-r-n die PeG o-::;s 3:nd vhe ■« 
vitto scMvity^. These velaoonsbrps are bhi$::^eed 
in rig. 1 Pegy33j£ifiu results in die re:.arda*ooi: of 
rena? e.Uiarlaee. vvl:kh usf fi prolong die c.ir- 
enlaiing iuis-isfe rdd.be iYjolftctde af)d bef:rease)5 
•he area nader die curv&The inereas^d bidogk 
^al aedvity is $u?ibured ro da^se ph^vsomena. fa 
ceil- based ia vara assay:,, because ^nCnbaiiwi c> 
perJOfnied for 3 fixed nme period, the enhanced 
bad-ide of ?he pegyiaicd b:oniok:cuk> has no rede 
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AftfVM&ftft.' PEG, ^l-hyk«t $*yu?5, «ww!y 



^pIsy.Tbe relatively shan 0KndiaiU>n tone, cotnhjo^j with 

)0W O CCp-Or bifid": S-g a-TltOCy of pegyUtCC prGlCUno CotUSe 3 

lowering of -a vkxo bioaea-vhy: 

?m atttat-hwcns: anl'site vs muftpfe sites 
U is esi^nared *,hat an Ofnima! i'hG mass of 40-60 kDa n> 
o/idred to retard f^Via] and v;elk:hr deo.r^^co^'- The au^h- 
metiv ofKvG to proven cat: be aehkv^d o-; ri-oee d-finRuu ways: 
a s:i:>>U. U;rgc: PEG ai a onvle :-;Uc\ a bramhod PEG (two- or 
more mgrfitim PEG chai-ns joined -ro^.e rher vU a linker) at a 
'd.ujde. she\ Of sever;:) 'noab ehams at vriuUipi-f? >nes h> theory, 
uoishe pegjftosd proielVn shotd.d haw higher Atfivitjf bemuse 
of a ^iiKcj eb-snoe of P£G :niaduv:'-rm ttccur.ong at reeeoioo 



hiding dorrnur^. M^Uipk: sites, of p<tgy:atk>n or the &uas:h- 
tBW of Urge PhGs wj4V rsfcwlt in partial • or complete loss of 
!-;k>aeovUy 

Overlapping blcactivitfcs 

TV&entfon'y. iivrte is at; advaxi'i*gg in baviiig a F£G -proton *:on- 
jt?g.a& mi-xone con^pnsed of unroodi&cd. mono-, di-, ;:ri> 
pegyted and other higher forai.'f of protein F£G--<,oj3iijg3*e^. 
Tr» theory, the higher iho degree of pegyhiion, -.at: dower the 
raie*>fabsorpviors (prolonging she dur^ioo ofenc-naoon) aod 
receptor S3r«»ra-ittn, The overUpp.lDg sci'-vit-y ftsi-peajrf] fvora 
such' a in'txinfc became of various absorption ra«» is U!y:«rAtsc} 
is Fig. 2. 

Polyethylene giyeoh. are aoTpinphilh: polymers coinpjT^o of 
reptati.a g ^'hyient oxkie subiuilcs., wlH>s:e nninber is rcprt- 
senieci by vhe whole integer n {Fifr .3). BAfii efhyiene oxide 
residue has a molec/ukr weigbv (MWj of 44 Da. aoci n X 
44 Da noprenenrs the moober average >4W of ihe PSC chain, 
Polyetbyleoe glycols are inerv, oonco\i<: and eofiiaio two «er- 
finnsi byclroxyl e roups ihai can he chemically aei oaten. 
However, -v :i; o;on::non iirac t-cc vo eom : orf ont of vhc rwo by- 
drc:'>:y: groups to rr,emo:<y or o-her aikoxy grt-ups. 'in order k> 
:?ni"ke the. U:)ifunv:oon-:}. Xn addinoii co i-siear ?r.G chums, 
•Ixeor are also bram-beol "?J;0'.s -n wbieh t.\vo or jnoro f^G chain;; 
are jo;oed u;geiber wnh linkers such a.^. ly.^ne' 1 and rci3>:iru:\ 
arfioi.ig others Figure 5 ■ hu^rare'osorue reprerieAoaiive 
ovoieo;.;;e^. 

Pcgyhitinn eh(3h$tm:s 

A variety of pegyhUon eleonistrVes arei rcagcues .are now rcad-- 
<:v availabve> ; -.The> differ \a their relative cbenoe^ reacovhy 
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a/;d «;<iciftdiy:Thf: mo-si' coird^c^dy usee pegyk-vk:<n reacdoa 
involves aci- eiearophbieaby acctaattd PEG and die s-arruno 
o;rc.>i:{j of iysovr or ihe proienvs N-tmrdn;d snwi-o .group,. 



(amid* 



bond}; 

« ?hX-Ca:lx>nyl smrtttaafc^ (ijrethari* bond); 
« ?RG-;dtfopbeoy} eaarbfiniafes.** (tjvft shares bond] ; 
» W^W*te* bond): 
» PB^Akiehyrk^ (N-iftrmhv^,Sf.h.itF^ base). 
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figure 4. A iy&CaS.$ft!ut&r;--p»&$« 



9HjG;..ih£ «esy1|K!or, region b. 



Ate aetflficgtaa diktttofj. the 



* pro;eie cona^rrraiioo: 

* w.e^ of racoon. 

'.:f3U:*e 



By control^. eg one or mors of the*: factor s x ih<; react -oe car< 
be d^ec-ed lovvards producmg predornir;aody mono-, d:-, 

to: CtC. F.e<d COVijUgil-t^S. 

Pecfytetion process ajmdkrarkms 

The pegyiado.e of prolans .c&\ be pev.iorrrted is:. sohmorv- phase 
OX iva a COV::lv::JOti>. so!;d-ph;:<e mode 



l:> arkidam: i« ore a^chrmrai of VKi via pmrisey ammo 
§xo.:.o">;-. which often produce beU:K>ger:r>i:s RSG eornvjcraooo 
sii:;-ii;r-::;vred pegyiadoo r.d protems ar; be achieved via other 
furiCth-j-oa! groups oi\ fit?. pTof*;.itt surface. Tbew irieUrrk, Free 
uysiemes, obgosaeeharid<rs ar*d akohohc groups ■•■VG /eagemr; 
!;:.:>■:) U,s suspect 'k jxrgylMVoMs 

<fr PSGA'myl svJphfi«e^ {y& (ree cysmri<;)> 

* ^G^o^ceuvfndf:^ (via free cy-su-me); 

* rhX^laifreo-de- ■ (^<a (rw cy>mvie), 

s e^-oythrjpyrulyj dfotfttdtf* (via free cystine); 

* ra-Hyd«v.u1ft-" (via oi^os<xcchande); 

^ P::Gosocvo.e^fr^ fvis ak.oho! nr ammo group). 

Pe$ydat!mi r^iclion parameters 
Factors dva: affect r^gyhooe ;.eaeooes 



Solution phas* 

in y typif-'A: xohii.ion phase r^gyi^iioe reyeoo^ mvc;:vi«g P&o 
?-eAg-f:>'lu- $v.cb as H r h yd ro x y<. uc ciyi i ?Yt id s e-;cer& : rhe fiind pro- 
:.eu^ixvv<:Agef}i fnolaf f.aiio used is v&\«a?tsy ;:3- : v Tk w^tiofi 
pH is fi.uv;n'ahi;:d ac aroiie.d the ;envr>v rac-yre i : v kepi ai 
4:-Ss°CAnd vbt reaction i 1 -; Lcrnjiiuned after S-J 6 h by adjiwUrig 
iht pH u-i 4.5 wivb giaciy.] acctk ueki.The reaction mixture -is- 
theji dihued with water «nd adsorbed ofi-o a cation - e^;hans^ 
cobijnn. S>:ces.v reagent arcd re^eiioa byprod?3c^ are washed 
a way P^gyiaied pmieifi Is chei"i i.epar^ved ffo.cn die lijirrsodi^e'd 
prcjteif! by u.sing h^cTe^ing c:ojieer,iratloris of sah ir 3 tlrrbtdrer, 
A typical purinc^ion scheme Is in lig •■?•, 

Ixx «siHd-p]ws* pe^:ylaUori A/ , the pro;eia to be pegvUied ad- 
t;orbf:'fi ohio an aftioo escharige col^n'ii) an>.i die .?£G. reageni Is 
cirf:vdaved ibrpugh d^e colernf; for a predeevrrnir-eo period of 
tirae. Excess, reapnt and oshssr r»:;act-ort byprodiier; are removed 
frorti iht coktfiir. by vvasiiifig with bederTlie sail eoiiC'-nttanoi: 
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of the du.uon buffer is chosen so that o&jy the pegyhusd p?o- 
nnn ehices, while the tnrrn.ochfkd rnorehi rcniau;* on lbs cob 
nnnu r'rorn the.ektate, die amount of oroveki pegylaied is-de- 
terrnihed and. the cohnnn is repk-iiishfyj wish <vn fcqn'tv^eol 
anuynrn of unmo&rkd protein, so thai lbs original aroottui of 
prote.tr; & nr^iounned *t tf>e sn*n of the next cycle of operadon. 
?£G reagent I? circuited Again, and ihe moeiSfeS proteru k sep- 
arated froro the utnnodlik^ as in the llr-a cvv.it: of operation. 

the sohd--phase pegyhuon prv)eevs : resale^), separadce) auo 
purl bunion are performed ors -the same eotunvn and cue be re- 
peated -jv many times a; required, 

Steehsmicsl and fctofegies: eharartsrizstisn 
Protein aztirrminarivn 

?roCv:5R ccna^rratioivis determined by standard protein assay 
method:, sneh as, UV ahsorlunu;e, bovvry. breuKhorunie acid 
(BCA; (yrtfd \x\ jp'fottdn' assays fbv color ciivd^oro^T^}, 
.tkodfbrd, etc., or' by the fOOfe fehabie anci accurate amino acid 
eovopo^iiov^-arialy:;^ meinod.. 

SnDSd^Gll is performed according to da: * net hods of rueuu:ud s . 
and the £e!s can be stained specifically tor pro-ein or PbG. 
Sunn i c e, for PbG i.s done according a rood; bed procedure of 
;<nrfurs;.K SDS4\\CHVgeh are riosed. wnh dwtbied wvner and 
placed in a baru-m chk.ride soiudcei for ?en rn-rnaes: Ahcr 
rinsing dae ge; with distilled >v u er to remove barinrn chfonde. 
dae vod Is placed -n 0, • MTioisof N: (hM Sc^Ov^.Gibbsiosvn, NJ. 
USA) .tor another sea minutes. Afer waeluvrg away d>e yellow 
YiOvvoP (iodme sohnion} :; the gel is stored in disdBed water in 
■a bftii.^ald ^;iak/3co^:hpak hag ru the dark. 

MokiVUrr &*i$ht'det?rfn>natien end identification 

$&xtm\£pf/l1\&igk curt quamlfev&e:, mass .cpeerronierry is 
an idea:, too; h: deterurfoing the true MW of various P'bO eoo- 
lugsta species. Matrix- a:ensted iaser dei.orptior: tiov;: of i:i?gin 
;o:;i:-.s. xpevooioerry {MALDTYOf MS) is fsow av: estaidished 
ove-bod for r:Ot x>i\\y d&vimmixig the ttw: of 'PEG co^io- 
gate ^pedes. but also in tdej^Hyiug xhk 'i\\c}\\i&\i&} :-.pectes 
covev:vved in a parocn^; pvii&rmort^ 

Si)A*rAG$. Siwly.vrs ftecyus^ of ib« anc»ma-ioi:s (reJa':rf3e.d.) ei^c- 
trophowt.ic itttfbiiiiy of PEG nu^ietirrs, SDS : PAGl- 'xMyvti .gives 
ki^httr tlvaw expected M\V wbsri corfxpared wijb-MW tT»-a/ker 
f;rceeios...i:'j ordrtr it; otredrnvem ah:;-: pcobUrrn. ojvo eau w:-. PEG 
JwfW s:.o.i:d>;d:. ^nd stain specifically tot PuG. 

]?e^rrs.WKi^:oft.<if ps^ykiifrft sites o>>d |>«r.i*'io«al ^offtfi^ 0 " d ^egyhiion. 
•>:tos tout the cor;:eapoj.tdn.*g positiOYi?.}- iisorf^rs ar<; deienviirjed 
using a co:.rjbin;n.io;i of iecIvnJqne;:. Those techniques include. 



ion exchange HPtC, siac -exclusion ehroinatogrAphy. revereed- 
ph;i;ie HPl.G, pepdcie nuvpoing. Vxinuxx ^qmnan^ ^xrAiro acid 
aiisly.sls ar;d TGf MS.Tbe potentu) number of >o;n - 

uouai iSfiiTjm in a pe^yiated poolecvde can be eaienlatcd using 
the (ohowiug iactoriai c^nadon 

For N pfo-yiatiou sU^-. aabeo k a onu:. 

N 

(ft - K)T X K|« pussieie ut^uner oi'tiumbir^uorts 



ki idtestr^red in B.g I. dture k an <nohanee:nera In irt vi^'biok>gi> 
c.$i aenvuy whi'w to the PeiG mass Afryduxi svheoias a decrease 
ijs J.n vitro activity is obverved vvjth an :uvtease in WQ^xms at- 
^eh;neof--v b ->f;ou]d be pointed enu that in ^bnos- au eass;s, n^e 
& vino acdvdy is rtot prediciyve of the in vivo m\v\\y. For reasons 
explained in the seen or > on concept con-adorariojis, m vm-zc- 
Ovky a many iold IUgti«r than dun ptserv«d it- a?j in tftra as:;ay 

dbo:yuoc'o?r;netn:i: 

vv hen lujeeted; Invo ^niu^h:, pegylate-J hio:no)ectde;; ex.rnbu 
superior phoxn^at.tdvine'ic prooerOes rhan iho.o* exhibired by 
ibo: unuiodiOeo t^rcnt rnokcuie. The biological aenvuy is 
iong-laating becatise ihe servuo eireuiaisng hsiH-hfe and cbc 
{•hoaiu residence oane of a F [ HG conjugate are ofie.ii rriany fold 
higher duua dun.c ofohe nnrnoddiee rnoievulc- -- 

h\ ioiiouoogetncby a u>uch reduced an o body response n, 
observed wot; uegvhued p?oteius when eonrpareai with ibo-ie 
observed witii an un?nodiBed- or ■oggreg^ted form of the urs- 
feodibed nroienv->-^. 

h\ terms of toxieity, overall pegyls.vec! pro-e:in;i :n:e icss toxic 
thz& tbe uvnnodidad parent nioiecnle^-d However, loxieueei; 
hav« been observed with topically sppned low o-!vV FuGs /;? . 
These adverse elieer^ are nor observed however, when tow 
dos-igss of Vm are udrninistered or;diy or pa;enteroiiy' ;:: 
Seeanve only cbrornc odrninisre^tion of latiye quantioes ofP&G 
(tlic'xu. Ktrch toxicities., it is nor expected to be the rase with 
pegykted proteins w=ch as cytokines <::u.yu;% anti U^rxru >ncs 

Srhaii Pf-Cds tend to Ounsioeate freely from cireohtjon ;nto 
e'xtrsvetsftjlar tisvues and .diffuse, back into eueidauofu- u 
Hdwevej; a rmir.h slower didv::don process, is observed tor large 
PeG u;ofoeuiea.7'he larger the siae of the PRC the lower the 
renal clearance, in contrast, liver clearance inereaserl. -v/irb 
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klg««r MW PEG*. Whea MW of ifcs h > 50 'kDa, the 
upraicv by giipfe -cefeas -enhanced 

.Rtqvfyt^gwtiermts afpegyfc ted ^Q^arntacgiuttcafs 

ag«!»s v dw:.fo»<rt«fjr*g po : ;us sboobi be eastern*: 

* *att*3g rTOKfcf&fe (fX>«f(« Wu1 PES MagM-l) sfcoUte 1* Well- 

« pe^yUiod pioOOr; arc a new diss of 

* pepUo'd proteins are. hi:ti:ro^^'>e->us" 
pointers, bm hybrids of ?hs c*vs ; 

* sites of j»:gyk;on *rc! stcach&fcao^ «f PSG s 

« v;c>n;ii^iv::y of ?*:h pr^raton should be eaablitircd; 

* •}v>>vo:v^ ! . l o:< A»d ffiAnvfearifw wooe&sei. should be \ 



I v/Wft to i:x:v.;^i ?r:y vceve ^pr<:oOOo.} Co Geo? go ElivHch for 
bis trk\s:A\ rovi^w of ti»i:s jftafjarcriju. 
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